Biodiversity is one of the most important concepts in contemporary biology, with a broad range of applications. In November 1995, South Africa ratified the Convention on Biological Diversity (CBD). Signatories are obligated to develop a strategic plan for the conservation and sustainable use of biodiversity. To meet the requirements of the CBD, the South African National Survey of Arachnida (SANSA) was initiated in 1997. This national project has several aims: to document and describe the arachnid fauna of South Africa; to consolidate all the available data on South African arachnids into one relational database and to make this biodiversity information available to science; and to address issues concerning their conservation and sustainable use. Extensive sampling took place and the SANSA database contains a wealth of biodiversity data that are used to provide answers to ecological questions. Presently 71 spider families, 471 genera and 2170 species are known from South Africa, representing approximately 4.8% of the world fauna. This paper presents the current state of spider biodiversity information and how it is managed. It demonstrates the importance of running a national inventory; emphasises the significance of using a good database application; and the importance of capacity development to improve the quality and integration of biodiversity information. Further, it shows the role SANSA has played in unifying and strengthening arachnid research, with the major thrust to discover the spider diversity in South Africa. We discuss the present status of knowledge, constraints to improving this, and the future directions for research. SANSA has provided the foundations for a more integrative approach to spider diversity research. Future research should build on this legacy by linking taxonomic diversity with that of functional diversity, predicting the response of this diversity to global change drivers. Functional approaches will link these studies to ecosystem processes. Global collaborative studies at several sites following standardised sampling protocols and focused research questions would add value to the SANSA collection and the importance of spiders for the health of ecosystems.
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INTRODUCTION
At a global scale, the signatories to the Convention on Biological Diversity (CBD) had failed to significantly reduce biodiversity loss by 2010 (Convention on Biological Diversity, 2006; Butchart et al., 2010) . The 20 Aichi Biodiversity Targets represent a new set of goals for the year 2020 (http://www.cbd. int/sp/) (Adenle, 2012) . The majority of the goals refer to diversity that has not yet been inventoried or described. South Africa ratified the CBD and in meeting these goals the country will have to: (1) discover, describe and inventory species; (2) analyse and synthesise information into predictive classification systems; and (3) organise this information into an efficiently retrievable form that best meets the needs of science, conservation and society.
Natural history collections with their primary data provide extremely valuable biodiversity information to science and society (Smith et al., 2003; Robertson et al., 2010; Scoble, 2010) , and the vast majority of information about South African biodiversity originates from the country's natural history collections (Drinkrow et al., 1994; Hamer, 2012) . Specimens in natural history collections play a vital role in the CBD goals, i.e. to discover and make an inventory of a group, and to database the primary data to be able to manage the information and make it available in an efficiently retrievable form. To help document and have access to these primary data, the Global Biodiversity Information Facility (GBIF) was established by governments in 2001 to encourage free and open access to biodiversity data via the Internet; the South African node of GBIF is referred to as SABIF (South African Biodiversity Information Facility). Through a global network of 57 countries and 47 organisations, GBIF promotes and facilitates the mobilisation, access, discovery and use of information about the occurrence of organisms over time and across the planet. In January 2011, the digital records of approximately 26% of vouchered specimens in South African zoological collections could be queried through the SABIF Data Portal or the GBIF Data Portal (Coetzer et al., 2012) . The scientific community needs the biodiversity information held by South Africa's natural history collections for important national and provincial biodiversity projects, such as the National Spatial Biodiversity Assessment (Reyers & McGeoch, 2007) or provincial State of Biodiversity reports (Turner, 2012) .
Invertebrates constitute more than 80% of all animal diversity, yet they are under-represented in studies of southern African diversity . Determining invertebrate diversity is particularly challenging because: (1) a large proportion of species are small and can only be identified under a microscope; (2) there is a high proportion of undescribed species; (3) the determination of species names is time consuming and, in taxa whose taxonomy is poorly known, it may not be possible; (4) species determinations are costly as they can only be done by specialists; (5) many species distributions are still poorly known; (6) professional taxonomists are few; (7) sampling methods and protocols are not standardised; and (8) knowledge of responses to environmental change is generalised and limited.
To document and conserve the biodiversity of a group, correct identification and species distribution data are of central importance (Bengtsson et al., 1997) . The newly emerged field of conservation biogeography is concerned with the distributional dynamics of species and how they relate to the conservation of biodiversity (Robertson et al., 2010) . With any invertebrate group, e.g. spiders, a species list arranged according to an accepted classification system provides an essential framework for this research.
For nearly two decades, the arachnologists of South Africa have cooperated on a national level following the initiation of the South African National Survey of Arachnida (SANSA). In this paper, we discuss the important role this national survey has played in unifying and strengthening arachnid research in South Africa. We discuss the taxonomic impediment, one of the biggest constraining issues for SANSA, as accurate species determinations are central to the documentation of arachnid diversity. SANSA's proposed mechanisms to deal with the unresolved taxonomy of many of the larger spider families in Africa are discussed. Biodiversity inventorying and monitoring involves scientists, their students and the public (Podjed & Muršič, 2008) in a process of collection data management, data consolidation into a relational database, and the development of taxonomic aids through biodiversity informatics, capacity building and infrastructure.
One of the aims of such a national survey is to manage the data so that it provides biodiversity information that best meets the needs of science and society. We review the present status and constraints of biodiversity and ecological knowledge of spiders in South Africa. The last decade has seen an exponential growth in the knowledge of the group in South Africa, and a summary of the patterns observed, mechanisms identified, constraints and potential directions for future research is provided.
SOUTH AFRICAN NATIONAL SURVEY OF ARACHNIDA (SANSA)
The South African National Survey of Arachnida (SANSA) was launched in 1997 in accordance with the country's obligations to the CBD Foord et al., 2011a) . SANSA is an umbrella project implemented at a national level in collaboration with researchers and institutions countrywide, dedicated to document and unify information on arachnids in South Africa. SANSA's aims are to: (1) discover, describe and make an inventory of the arachnid fauna of South Africa; (2) organise all available information in a relational database and to make the data available to science and society; (3) use this information to address sustainable use of arachnids and to undertake conservation planning; (4) develop products that meet the needs of the community; (5) create awareness through education, training and online bio-informatics; and (6) build capacity and infrastructure to unify and strengthen biodiversity research on spiders and other South African arachnids.
SANSA is managed by the Arachnida Unit at the National Collection of Arachnida (NCA) SANSA I (1997-2005) : the national project was established and several participants from the universities of the Free State, Limpopo, Pretoria and Venda were included, as well as several museums and nature conservation agencies. A relational database was developed at the ARC to capture all the primary data available at that stage in the NCA (DippenaarSchoeman & Craemer, 2000) . During this period, all available published literature on South African spiders was gathered and species information was added to the database, to aid identification of specimens and generate distributional data for described species.
SANSA II (2006 II ( -2010 : the South African National Biodiversity Institute (SANBI) joined the project through their Threatened Species Programme in 2006. SANSA II saw the integration of a series of ad hoc projects into targeted surveys in degree squares throughout South Africa (Dippenaar-Schoeman, 2011; Foord et al., 2011a) . All the data were collated into the database, including all published records on species housed in collections both locally and abroad (including both taxonomic and ecological data), to determine the spatial coverage of the species, and to determine where the "gaps" in these data lie for planning future surveys. A rarity index was calculated for each species based on their currently known occurrence (level of endemicity) and an estimate of population size (Foord et al., 2011b) . This data formed the basis of the First Atlas of the Spiders of South Africa, hereafter referred to as FASSA .
SANSA III (2011-present) : the biodiversity data generated in FASSA was analysed to determine where more sampling is needed in the country. Ongoing surveys, continued accessioning at the NCA, as well as specimen identifications have contributed to a constant increase of species records in FASSA . With the wealth of data at hand, review papers are now available on spiders in caves (Dippenaar-Schoeman & Myburgh, 2009 ), agro-ecosystems (Dippenaar-Schoeman et al., 2013a) , the Savanna Biome (Foord et al., 2011b) and the Grassland Biome .
DATA CONSOLIDATION
In addition to valuable voucher specimens, natural history collections contain historical records of the diversity and distribution of species, providing a basis for identifying species in danger of extinction and monitoring temporal changes in distribution (Wheeler et al., 2012) . However, contemporary collections house less than 15% of the organisms estimated to be on earth (Scheffers et al., 2012) , and within a rapidly changing world, surveying and addition of new specimens remains a priority. Collections should not only be preserved, but the information associated with the specimens must be managed to provide accurate and current biodiversity information in a useable format (Coetzer et al., 2012) . The primary data associated with the specimens contains valuable information on their distribution and general habitat. The first red listing of spiders in South Africa is presently underway. The SANSA relational database provides the framework for the first IUCN red listing exercise. The CBD and GBIF have demonstrated the importance of good biodiversity data, and have contributed to a renewed interest in specimen databases of natural history collections (Yesson et al., 2007; Faith et al., 2013) .
The digitisation of arachnid specimen data in the NCA began in 1991. A relational database was developed at the ARC for the collected specimens (NCAD) and includes fields for species names, specimen information and literature references. In 2000, the data was migrated to a Microsoft Access relational database. The second phase of SANSA, which started in 2006, saw the consolidation of all other existing arachnid data into a MySQL relational database with a browser front-end, enabling multiple users to gain access to the database simultaneously. It was standardised according to the standards required by the Darwin Core for sharing information on biodiversity (Wieczorek et al., 2012) . The spider taxonomic classification system follows the online World Spider Catalog (2014), and taxonomic updates are regularly implemented. This data migration exercise provided an opportunity for extensive data cleaning, geo-referencing, and to develop procedures and support for data validation. It is a complex database scheme especially developed for the NCA, and two of the modules can be browsed online . Forms and reports were customised to meet all the requirements for arachnid research, such as user-friendly drop-down boxes to select family, genus and species, and the opportunity to add morphological data as well as photographs, maps and other images. The database presently used for SANSA data consists of the following modules:
African Arachnida Database (AFRAD): This is a taxon-based database module that includes information on all the species of spiders recorded from the Afrotropical Region (>6000 spp.), including data on their morphology, behaviour and distribution, images of morphological characters (e.g. genitalia), and distribution maps and identification keys. This information can be continually updated for each family, genus and species as resources are made available. Resources for many families and species are available online and can be printed as fact sheets from http://www.arc.agric.za/arc-ppri/ Pages/AFRAD/AFRAD-Homepage.aspx . This data was extensively used in a book chapter on spider diversity in Africa (Jocqué et al., 2013) .
National Collection of Arachnida Database (NCAD): This module captures the primary data associated with collected specimens that have been deposited in the NCA. Currently more than 200 000 specimens from 61 000 accessions are included in the database. An annual growth of between 5000 and 6000 new accessions has been maintained over the last six years. During the period 2006-2010, SABIF provided funding for databasing, which enabled all the data from the NCAD to be made available through the SABIF website. Recently, new entry fields have been added to incorporate information on DNA sampling, including CO1 and other sequence data. A checklist of the types housed in the NCA is now available online at the ARC Website . Since the initiation of SANSA in 1997, >160 holotypes have been added to the NCA type collection.
South African National Survey Database (SANSAD): In 2006, a module was created that was linked to AFRAD. It integrates published data on South African spiders gathered from the taxonomic and ecological literature, including records housed in more than 17 institutions worldwide. As most of the natural history collections in South Africa do not have professional arachnologists as curators, it was decided to include only records extracted from published data, as the certainty or accuracy of identifications could not be reliably assessed for unpublished data. The SANSAD dataset presently contains 17 651 records representing 2170 spider species.
Virtual Museum (VM): A virtual museum was developed as part of the SANSA awareness project in 2006 to house the large number of photographs received from the public and scientists requesting identifications. Submitted photographs are made accessible through a VM database linked to the SANSA taxon database. It can be viewed at http://www.arc. agric.za:8080/. Presently it contains 3086 entries represented by >8000 photographs from 478 localities throughout South Africa. Many of the photographs submitted for the VM cannot be identified from a photo alone. Photographers are therefore requested to provide us with the collected specimen, where possible. This has increased the proportion of specieslevel identifications, and presently we have records of >700 species in the VM. The VM serves as an important source for new distribution records, behavioural observations (e.g. Kelly & Dippenaar-Schoeman, 2014) , and information on the colour of live specimens for taxonomic descriptions (e.g. Van Niekerk & DippenaarSchoeman, 2013) . Photo submissions have also been used extensively to illustrate several recently published books Holm & DippenaarSchoeman, 2010; Dippenaar-Schoeman et al., 2013b; Dippenaar-Schoeman, 2014a; Dippenaar-Schoeman & Haddad, 2014) , fact sheets, newsletters and the SANSA website. These images also play an important role in training, as they are used in the AFRAD online database from which fact sheets on the families, genera and species can be printed (Dippenaar- .
SANSA FIELD SURVEYS
Biodiversity inventories are essential to identify key areas for conservation and to monitor the effects of threats, and are considered good investments by conservationists (Balmford & Gaston, 1999) . Data in the SANSA database was used to undertake a GIS-based gap analysis in 2007. The focused SANSA field surveys employed a standardised protocol using seven different methods Haddad & Dippenaar-Schoeman, 2015) that was used to collect poorly sampled degree-square grids. Limited manpower and subsequent identification of material restricted the number of degree-square grids that could be sampled. More than 40 degree squares were sampled, mainly in the Savanna and Grassland Biomes, although isolated grids were also sampled in the other biomes. This effort has provided valuable material, improving our knowledge of the distribution of species and providing a wealth of specimens for taxonomic studies.
A large number of specimens were received from other surveys. Standard collecting methods were followed, and the methods used depend on the ecological questions asked and habitat sampled (Eardley & Dippenaar, 1996) . With a few exceptions, pittraps is often the default sampling method for spiders in research projects. A large proportion of the ground-dwellers were collected by pitfall trapping, leaf litter sifting, or active searching at the base of grass tussocks and under rocks. Plant-dwelling species were collected by beating, sweeping, canopy fogging (occasionally), or actively searching on vegetation, bark and flowers (Figure 2 ). Bycatch samples received from students and other researchers included specimens collected by canopy fogging, D-Vac, pitfalls, Malaise, reptile and blue tsetse fly traps, and yellow, blue and white pan traps. Additional data was also obtained from the Spider Club of Southern Africa (SCSA) and public participation. In several protected areas, reserve managers made important contributions by collecting specimens, e.g. Swartberg Nature Reserve (Dippenaar-Schoeman et al., 2005b) .
Voucher specimens from these surveys are deposited in the NCA, National Museum in Bloemfontein (NMBA), Ditsong National Museum of Natural History in Pretoria (TMSA) and the KwaZulu-Natal Museum (NMSA). Despite the extensive sampling, large areas in South Africa are still underrepresented in the database, particularly the more arid western parts of the country. This can largely be attributed to logistical challenges and the restricted distribution of human resources and time necessary to sample these areas properly.
SPECIMEN IDENTIFICATION
One of the biggest constraints for SANSA is the lack of good taxonomic revisions for many of the larger spider families in Africa, with particular reference to the Agelenidae, Araneidae, Linyphiidae, Lycosidae and Theridiidae. The taxonomic descriptions of South African spiders reached a peak during the late 1800s and early 1900s, when more than 730 species were described. Unfortunately, most of these descriptions are inadequate, lacking any drawings, and most type specimens are housed in overseas museums.
Most taxonomic research in South Africa was undertaken during the period from 1820 to 1960, focusing largely on the fauna of the coastal provinces, as most of the practising arachnologists were stationed in cities there. From 1960 to 1980 there was a considerable decline in the description of new species. However, during the last three decades there has been a resurgence; more than 500 species have been described since 1980, mainly due to modern taxonomic revisions, the development of several South African taxonomists and the efforts of overseas taxonomists.
In part, the increase in taxonomic study of the fauna since 1997 can be attributed to SANSA. This project has attracted large numbers of students and amateur collectors that have complimented the sampling efforts of professional arachnologists, providing material from many poorly sampled parts of the country. International networking and collaboration has also drawn attention to the poor state of knowledge of African spiders (Dippenaar-Schoeman & Jocqué, 1997) , resulting in a renewed interest in discovering and describing the spiders of South Africa. Since the start of SANSA, 371 new species have been described and >300 species known from other parts of Africa have been newly reported from South Africa. A considerable number of taxonomic and biodiversity-related outputs came from the ARC, museums and universities in South Africa. Training of new taxonomists has resulted in the completion of eight MSc and three PhD studies since 1997. Two universities presently employ full-time arachnologists involved in ecological and taxonomic research, and student training in these fields. Globally, collaborative taxonomic research that aims to address relevant ecological, biogeographical and evolutionary questions might also pave the way for systematic reviews of spider families, for which limited expertise exists.
Aside from taxonomic literature, several resources are now available to facilitate the identification of South African spiders, including several textbooks (Dippenaar-Schoeman & Jocqué, 1997; Dippenaar-Schoeman, 2002b; Holm & Dippenaar-Schoeman, 2010) , field guides Dippenaar-Schoeman et al., 2013b; Dippenaar-Schoeman, 2014a; Dippenaar-Schoeman & Haddad, 2014) , the First Atlas of South African Spiders and websites such as the SANSA Virtual Museum (www.arc.agric.za:8080) and the African Arachnid Database (www.arc.agric.za:8081). Workshops and training are also provided to para-taxonomists and the public.
SPIDER DIVERSITY DATA Spider Atlas and spider diversity
The first version of FASSA was published in 2010 and the electronic version is available online from the ARC website at http://www.arc.agric.za/arc-ppri/Pages/Biosystematics/ SANSA.aspx . A total of 2003 species from 70 families were listed in FASSA. After the phylogenetic study by Ramirez (2014) the number of families now totals 73, and 167 species have been added to the fauna since FASSA, bringing the present total to 2170 species, representing 4.8% of the global fauna. Based on current knowledge, 1286 of these species are endemic (59.3%), 333 species are known throughout southern Africa, while 477 are widely distributed throughout Africa; 74 species have a cosmopolitan distribution. The high percentage of endemics will probably change as sampling in neighbouring countries increases. The most species rich families are Salticidae (343 spp.), followed by the Gnaphosidae (171 spp.) and Thomisidae (141 spp.). Two families, Chummidae and Penestomidae, are endemic to South Africa (including the enclave of Lesotho). During the last 14 years (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , 264 species have been added to the national list.
The data in FASSA included the following information for each species: georeferenced distribution data for each record from South Africa, arranged alphabetically by province and locality, indicating type locality; occurrence in each floral biome; number of records from protected areas and agro-ecosystems; known distribution in Africa, or beyond (cosmopolitan or introduced); conservation status, including an endemicity index and abundance index; and an indication of the species' taxonomic status. The georeferenced data was used to create a distribution map for each species. All the new data will be included in the second version of FASSA, which is now in preparation, with updated maps and images. Eventually we would be able to provide information on each species that can also feed into the Encyclopedia of Life.
National species list
Any biodiversity management project in a country is dependent on correct and regularly updated national species lists. At a symposium on the status of the diversity of the fauna in South Africa (Dippenaar-Schoeman, 2002a) , the first counts for all the arachnid orders were made. Collation of all the known species data from published papers and national collections into the SANSA database enabled us to publish the first species lists for the Pseudoscorpiones (Dippenaar-Schoeman & Harvey, 2000) , Solifugae (Dippenaar- Dippenaar-Schoeman & González Reyes, 2006) and Opiliones (Lotz, 2009) . A recent revision of the Phyrnychidae (Amblypygi) indicates that only three species of this order occur in South Africa . However, no comprehensive review papers have been published on any of these orders dealing with biological, biogeographical and ecological data yet, with the exception of , who discussed patterns of scorpion diversity and distribution in southern Africa. For the first time ever, spider data were available for inclusion in the National Spatial Biodiversity Assessment (NSBA) in 2010. This assessment uses a range of species data (for threatened and endemic taxa) to identify species richness areas within South Africa.
SANBI co-ordinates the compilation of checklists of South African animals for dissemination through the Biodiversity Advisor. The lists, once compiled, will be regularly updated according to the taxonomic literature. These checklists are being incorporated into the SABIF and GBIF infrastructure/ portals, as well as provided to the Encyclopedia of Life. National lists of all the arachnids were provided to SANBI on request for their database in 2013 (Dippenaar-Schoeman, 2013) .
A new updated National spider species list is in preparation for publication (Dippenaar-Schoeman et al., in prep.) , which will include the guild, RI values and common name of each species. The common names provided will update the first list of common names published by .
Conservation assessment
Protected species are organisms that are of such high conservation value or national importance that they require national protection. Species listed in this category will include, among others, species listed in terms of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). Presently, all of the species of the baboon spider genera Ceratogyrus, Harpactira and Pterinochilus (Theraphosidae) are listed on the SANBI website (http://www. speciesstatus.sanbi.org) as protected species, as identified by the National Environmental Management: Biodiversity Act 10 of 2004 (NEMBA).
All the spiders of South Africa are presently being assessed for their conservation status using the World Conservation Union (IUCN) criteria for red-listing of species. This is done with the support of the SANBI Threatened Species Programme. Two workshops took place at the 11th African Arachnological Society colloquium in the Free State (January 2014) and at the National Botanical Gardens in Pretoria (13 July 2014).
Red Data assessments
As part of FASSA, data gathered for each species provided the basis for Red Data assessments. The conservation status of each species was based on a rarity index (RI), which is a combined metric based on an endemicity index (EI) and total population nationally. The EI (i.e. distribution of a species) included seven categories, ranging from known only from type locality (score of 6), to cosmopolitan or with a distribution beyond the borders of the Afrotropical Region (score of 0) ( Table 1 ). This data was compiled based on currently known distribution data available from the literature, Spider World Catalogue, and information from the SANSA database and Virtual Museum. The total population nationally is an estimate of population size based on the number of collecting records, i.e. number of populations from point localities, known for each species in the SANSA database. It was divided into three categories: 1 -abundant, known from >10 localities; 2 -rare, known from between 4-10 localities, and 3 -very rare, only known from 3 or fewer localities. Although these latter categories are essentially crude estimates of population sizes, they do provide a relative estimate from which to work. Information on the taxonomic status for each species was also provided (1-3), indicating whether the species was revised since 1960 or the description had good illustrations (3), revised prior to 1960 (2), or known only from a poorly detailed original description prior to 1960 (1).
The RI was calculated based on the sum of the EI and AI values. Future sampling will inevitably lead to the discovery of additional populations of most of the South African species and result in a decrease in the RI values for many species. All the species with values of 0-3 will be considered "least concern", based on the wide distribution of these species throughout Africa, or beyond. A high percentage of species fall into this category. Species with an EI value of 6 might be listed as "data deficient" and will warrant additional collecting. As part of the FASSA, information is also available on, for example, whether the species has been sampled from protected areas or agroecosystems, providing additional data on their conservation status. 
FOCUSED SAMPLING THRUSTS
Although spiders are sampled throughout the country, some SANSA sampling focused on specific areas as they concentrated on particular end users: (1) agro-ecosystems, to identify species that are important predators and potential biological control agents; (2) protected areas, to identify species that already receive some protection in South Africa; (3) floral biomes, to determine spider associations with specific habitats; (4) urban and suburban areas, to quantify the effects of urbanisation on spiders, to identify spiders that still occur in these disturbed areas, and to identify introduced (and possibly) invasive species, and (5) provincial diversity.
Agro-ecosystem diversity
As agro-ecosystems cover large parts of some provinces, the diversity of fauna found in these disturbed areas contributes towards our knowledge of the country's biodiversity. Agroecosystems are regarded by some researchers as an additional "biome" and provide interesting insights into the assembly of novel ecosystems in the Anthropocene. The diversity of spiders in crop systems and the role they play as predators have been the subject of several post-graduate studies (Coates, 1972; Dippenaar-Schoeman, 1976; Gaigher, 2008; Haddad, 2003; Mellet, 2005; Midega, 2005) .
A checklist of spiders found in agro-ecosystems, including plantations, was recently published based on data extracted from the NCA database (Dippenaar-Schoeman et al., 2013a) . It provided information on species distribution patterns, but also the adaptability of species to the possible threat of agricultural disturbances when being evaluated for red listing. Thus far, 51 families represented by 238 genera and 413 species have been recorded from more than 30 crops in South Africa. Results show that certain spider species are more regularly sampled in crops and could be considered agrobionts. Several species frequently sampled in crops are introduced, such as the agrobiont linyphiid Ostearius melanopygius (O. P.-Cambridge).
The impact of crops on spider diversity varies, and comparative surveys show either no impact on species richness (Van der Merwe et al., 1996) through to a significant reduction. These reductions can be a consequence of tilling, orchard establishment and pesticide application in the case of orchards or frequent mechanical disturbances in the case of annual crops (Botha et al., 2014) .
Cotton
Extensive sampling of spiders in conventionally cultivated cotton fields in North-West, Limpopo and Mpumalanga took place , Van den Berg et al., 1990 Van den Berg & Dippenaar-Schoeman, 1991a; Dippenaar-Schoeman et al., 1999a) , as well as genetically modified Bt-cotton (Mellet et al., 2006) . Thirty-one families, represented by 92 genera and 127 species were sampled.
Maize
Maize is a very important crop in South Africa, with an average of 2.5 million hectares being planted annually. Surveys in maize were undertaken to determine the diversity of species and also to investigate the effects of intercropping in maize agro-ecosystems (Midega et al., 2008) , as well as effects of Bt maize on arthropods (Truter et al., 2014) . Unpublished surveys were also undertaken in Bt maize in Mpumalanga (Marais et al., 2008) . Surveys undertaken from [2011] [2012] [2013] investigated the plant and arthropod species composition and diversity patterns along maize fields and field margins in two different biomes across South Africa (Botha et al., 2014) . Although maize crops cover a large area the spider diversity is low, with only 79 spider species sampled so far (Dippenaar-Schoeman et al., 2013a) .
Orchards
A number of surveys in orchards in the Mpumalanga Lowveld resulted in several papers on spider diversity in citrus ( Van den Berg et al., 1987 Dippenaar-Schoeman, 1998 , macadamia (Dippenaar-Schoeman et al., 2001a,b) and avocado (Dippenaar-Schoeman et al., 2005a) , while further surveys were conducted on spider diversity in pistachio orchards in the arid Northern Cape (Haddad et al., 2004a (Haddad et al., ,b, 2005 Haddad & Dippenaar-Schoeman, 2006a; Haddad & Louw, 2006) . Spider species composition of orchards is strongly influenced by the surrounding matrix of native vegetation. The arboreal spider diversity in these orchards increases from macadamia (80 spp.), pistachio (87 spp.), avocado (90 spp.) to citrus (116 spp.).
Pine plantations
In many areas of Africa, the planting of exotic pine trees has superseded the area covered by indigenous forests. Three spider surveys resulted in records for a total of 136 species (Van den Berg & Dippenaar -Schoeman, 1988 ; Van der Merwe et al., 1996; Uys, 2012) .
Proteas (Commercial)
Arthropods associated with commercial Proteaceae in the Western Cape Province were examined by Sasa (2011) . Twenty-four species of spiders were recorded in his study.
Strawberries
The spider diversity in strawberries is lower than the other crops, with 31 species recorded mainly from Gauteng and North West (Coates, 1972 (Coates, , 1974 Dippenaar-Schoeman, 1976 , 1977 Smith Meyer, 1996) .
Termites
In South Africa, the first diversity studies on arachnids to determine their abundance and their role as natural enemies in farming systems was undertaken from 1965 to 1970 in three provinces, focusing on the role of spiders as predators of termites, an important pest of grazing. These surveys indicated that the distribution of some spider species is usually associated with the distribution of termites.
Tomatoes
Several surveys have been undertaken in the tomato producing areas of South Africa in search of biological control agents of tomato pests. During these surveys, 356 spiders were sampled in total, representing 16 families and 62 species (Krüger & Dippenaar-Schoeman, 2000) .
Vineyards
Several surveys have been undertaken in vineyards of South Africa and 52 species have been recorded so far (Mansell & Dippenaar-Schoeman, 2007; Halleen & Dippenaar-Schoeman, 2013) . Some surveys were conducted in the Cape Floristic Region of South Africa, where wine grape production and diversity conservation are of major importance, and innovative management of the landscape is necessary (Gaigher & Samways, 2010) . A total of 13 spider families represented by 36 species were sampled from vineyards in this study, while 43 species from 16 families were sampled from natural fynbos habitat (Gaigher, 2008; Gaigher & Samways, 2010 . Although spiders may be of benefit as predators in vineyards, they may also pose problems as possible invasive species when they land in containers of table grapes and are inadvertently exported from South Africa (Craemer, 2006; Mansell & Dippenaar-Schoeman, 2007; Kobelt & Nentwig, 2008; Bosselaers, 2013) .
Protected areas (PAs)
Inventorying and monitoring diversity of invertebrates in protected areas forms an integral component of assessing their performance and providing the information necessary for conservation management. Invertebrates constitute the largest proportion of terrestrial and freshwater diversity and serve a series of critical ecosystem functions, and as a consequence must necessarily be considered in protected areas . However, inventorying invertebrates is associated with a series of regularly cited and well-recognised challenges, including their enormous richness and diversity of habits and habitats, inadequate systematic and biological knowledge, and the shortage of expertise and capacity.
One of the objectives of SANSA is to determine the number of arachnid species presently protected in PAs in South Africa. Being a team effort, SANSA has overcome some of the problems associated with invertebrate inventorying. At present, >192 PAs have been surveyed in South Africa, ranging from biosphere reserves, national parks, reserves, state forests, RAMSAR sites, botanical gardens to conservancies. However, this is still a small fraction of the protected areas sampled and an effort needs to be made to survey more of them.
As many of the surveys run over 12 months or longer periods, these data are extremely valuable, as they provide substantial insight into annual and long-term trends in the diversity, abundance and distribution of the species concerned. These surveys have also made material available to taxonomists, resulting in several faunistic papers and the description of many new species (e.g. Wesołowska & Haddad, 2009 Haddad & Wesołowska, 2011 .
PAs have proven to be particularly valuable sites to SANSA, both from the perspective of encountering pristine habitat and high diversity, as well as for the safety of survey teams (Dippenaar- Schoeman et al., 1999b Schoeman et al., , 2005b . To determine the species present in a PA is essential for the development of a red data list for the arachnids of South Africa and to assist with decisions on how to successfully conserve the arachnid diversity. Species inventories are critical for effective PA management and are generally considered to be important by PA managers (Engelbrecht, 2010) , specialist taxon scientists and ecologists. Most of the provincial conservation agencies need this type of diversity data for planning.
Eastern Cape Province
From the Eastern Cape 23 PAs have been sampled, mainly reserves, but also two national parks and state forest areas (Table 2 ). In 13 of these areas >50 specimens have been sampled. The Mountain Zebra National Park was the first national park for which a species list was published (Dippenaar -Schoeman, 1988) , with a subsequent update (Dippenaar-Schoeman, 2006) . Behavioural studies of the subsocial eresid Stegodyphus tentoriicola Purcell were undertaken in the Mountain Zebra National Park (Ruch et al., 2009a (Ruch et al., , 2012 .
The second national park presently being surveyed in the province is the Addo Elephant National Park (Wiese & Dippenaar-Schoeman, 2014) . Results of the Mkambathi Nature Reserve and Silaka Nature Reserve (Forbanka & Niba, 2013) have been published, while surveys in the Asante Sana Nature Reserve formed part of a PhD study (Midgley, 2012) , looking at the structure of epigaeic invertebrate communities along an altitudinal gradient.
Free State Province
A total of 14 PAs have been sampled in the Free State, with 12 reserves represented by >50 records in the NCA ( Table 2 ). The PAs include nature reserves, a national park and a botanical garden. Published records include surveys in the Free State National Botanical Gardens (Butler & Haddad 2011; Neethling & Haddad, 2013) and the Erfenis Dam Nature Reserve (Fourie et al., 2013) , while surveys are presently underway in the Kalkfontein Dam Nature Reserve (Josling & Lotz, 2014) , Amanzi Private Game Reserve (Butler & Haddad, 2014) and Amohela-ho-Spitskop Conservancy .
Gauteng Province
A total of 24 PAs have been sampled in Gauteng, with 12 containing >50 records ( Table 2 ). The PAs mainly include reserves and botanical gardens. The only published data is from the Roodeplaatdam Nature Reserve (Dippenaar-Schoeman et al., 1989; Engelbrecht, 2013) . A species list of the spiders of the Suikerbosrand Nature Reserve is in preparation, while surveys in the following nature reserves are still underway: Kliprivierberg (Faiola et al., 2014) , Serene Valley (Kelly et al., 2014), Ezemvelo , Tswaing Crater (Dippenaar-Schoeman, 2014b) and Groenkloof (DippenaarSchoeman & Lyle, 2014) , as well as the Pretoria National Botanical Gardens (Kassimatis, 2008) .
KwaZulu-Natal Province
KwaZulu-Natal is the best sampled province in South Africa with regards to arachnids. A total of 38 PAs have been sampled, with 24 represented by >50 samples (Table 2) . Species lists and diversity data of several reserves have been published: Ndumo Game Reserve Wesołowska & Haddad, 2009 ), Tembe Elephant Park , the Mkhuze Game Reserve and Phinda Private Game Reserve (Lovell et al., 2007) , Hluhluwe/iMfolozi Park (Mgobozi et al., 2008; Ngome State Forest (Van der Merwe, 1994; Van der Merwe et al., 1996; Dippenaar-Schoeman et al., 2006b) , and the iSimangaliso Wetland Park (Combrink, 2007; Combrink & Kyle, 2006) .
Limpopo Province
Data from 41 PAs are available, with 13 areas represented by >50 records (Table 2) . Surveys in the Vhembe Biosphere Reserves are presently undertaken as part of a PhD study (Schoeman, 2014) . Published papers from nature reserves in the province include Nylsvley (Heidger, 1988; Leroy & Leroy, 2005; ), Polokwane (Dippenaar et al., 2008 Foord et al., 2013) , Makelali (Whitmore et al., 2001 (Whitmore et al., , 2002a , Mashovela Nature Reserve , Sovenga Hill (Modiba et al., 2005) , Blouberg (Muelelwa et al., 2010; Foord et al., 2013) , and the Western Soutpansberg Conservancy (Foord et al., 2002 Foord & Dippenaar-Schoeman, 2003; Muelelwa et al., 2010) .
Mpumalanga Province
Except for sampling in the Kruger National Park (DippenaarSchoeman & Leroy, 2003; Robertson et al., 2011; Reynolds, 2014) and Verloren Vallei Nature Reserve , only 10 PAs have been sampled, but only four are represented by >50 samples (Table 2) . This includes studies looking at the effect of invasive weeds and fire on spiders (Robertson et al., 2011; Reynolds, 2014) , spider diversity in pine plantations at the Bergvliet State Forest, Sabie (Van den Berg & DippenaarSchoeman, 1988 ) and surveys in the Lowveld Botanical Gardens (Leroy, 2008) and Witbank Nature Reserve undertaken by the SCSA.
Northern Cape Province
A total of eight PAs have been sampled in the Northern Cape, with four represented by >50 records ( Table 2) . Three of these surveys were undertaken at Benfontein, Rooipoort and Tswalu, which form part of the Diamond Route reserves . Material is still being sorted from a large survey that was undertaken on the Oryx Game Farm. Results of the Augrabies National Park and the Tswalu Nature Reserve will be published soon (Dippenaar-Schoeman et al., in prep.) .
North-West Province
The North West province is still under-sampled. Only eight surveys have been sampled in the province with only four having >50 records ( Table 2 ). The only long-term survey, a 4-year study in the Kgaswane Mountain Reserve, will be published soon.
Western Cape Province
From the Western Cape 26 PAs have been sampled, including the three National Parks ( (Picker & Samways, 1996; Pryke & Samways, 2008; Rebelo et al., 2011) , Karoo National Park (Dippenaar-Schoeman et al., 1999b) , Swartberg Nature Reserve (Dippenaar-Schoeman et al., 2005b) , De Hoop Nature Reserve (Haddad & DippenaarSchoeman, 2009 ) and Robben Island (Mukherjee et al., 2010; Roets & Pryke, 2013; Steenkamp, 2014) .
SANSA is also participating in the iImbovane outreach project, which involves pupils and teachers in biodiversity science at 25 secondary schools in the Western Cape. This project is one of four long-term surveys managed by the DST-NRF Centre of Invasion Biology (CIB) (Marais, 2013) . Also, as part of the CIB, the first results of a six-year survey in the Cederberg Wilderness area are ready for publication (Foord & Dippenaar-Schoeman, 2014) .
Floral biomes
Since spiders provide an essential ecosystem service as predators, it is important to determine their diversity in all of the different ecosystems in South Africa. All seven floral biomes recognised in South Africa (Low & Rebelo, 1996; Mucina & Rutherford, 2006) were sampled as part of SANSA. A summary of spider species richness found in each of the biomes suggests that the Savanna Biome is the most diverse (1230 spp.), but sampling is very uneven and biased towards this particular biome, with 23 739 records from 1260 sites (Table 3) . It is followed by the Fynbos with 1014 spp., Grassland Biome with 792 spp. and the Thicket Biome with 641 spp.
In developing an understanding of sample completeness in the different biomes generic richness was used as a surrogate of species richness . A coverage-based comparison (Chao & Jost, 2012) of samples based on generic richness from the different biomes suggests that coverage is very high in the Grassland and Savanna Biomes (0.97-0.99), acceptable in the Fynbos and Nama Karoo (>0.9), low in the Forest and Thicket (<0.85) and very low in the Succulent Karoo (0.34) (Figure 3a ). There is a linear increase in coverage ( Figure 3b ) and generic richness (Figure 3c ) with the log of area except for Succulent Karoo, which represents a significant outlier. Succulent Karoo in particular would therefore need to be prioritised in any future surveys.
Forest Biome
South African forests only cover approximately 0.3% of South Africa's land surface (Mucina & Rutherford, 2006) . To Foord et al. (2013) showed that generic diversity is an efficient surrogate of spider diversity. Only sites with more than 10 records were included; (b) coverage and (c) observed number of genera as a function of log area covered by biome.
date 60 spider families represented by 551 species have been recorded from forests. The Forest Biome has been fairly extensively sampled, with 4018 records from 165 localities (Table 3) . Forests have several endemic species, especially from the families Archaeidae, Microstigmatidae, Phyxelididae and Migidae, species that require focused conservation effort. Only a few quantitative published studies exist that are focused on the spider fauna of South African forests (Van der Merwe et al., 1996; Dippenaar-Schoeman & Wassenaar, 2002 Haddad et al., 2010) , although spiders have been included in several other ecological studies in forests (e.g. Lawrence, 1953; Moran & Southwood, 1982; Nicolai, 1989; Kotze & Samways, 1999 Horn, 2004; Lawes et al., 2005) .
Fynbos Biome (Cape Floristic Kingdom)
Despite the relatively small extent of coverage of about 6.7% in South Africa, the Fynbos Biome is regarded as a priority hotspot for conservation (Myers et al., 2000) . A total of 466 localities have been sampled in this biome, with 10 575 records recorded in the SANSA database (Table 3) . Presently, 67 spider families represented by 1014 spp. are known from the biome. To date, only eight studies have been published that focus on fynbos spider diversity (Tucker, 1920a; Coetzee et al., 1990; Visser et al., 1999; Dippenaar-Schoeman et al., 2005b; Haddad & Dippenaar-Schoeman, 2009; Gaigher & Samways, 2010 Mukherjee et al., 2010) . Picker & Samways (1996) showed that most of the endemic invertebrate species recorded on the Cape Peninsula were from Table Mountain, including various arachnids (Sharatt et al., 2000; Pryke & Samways, 2008 , 2012a Roets & Pryke, 2013) . A long-term survey was undertaken in the Cederberg Mountains, where arachnids and certain insects have been sampled at an elevational gradient over a period of 10 years using 680 pit traps at 17 altitudinal sites. To date, more than 10 000 spider specimens have been identified from these samples and they are all housed in the NCA (Botes et al., 2006a; Seshothela & Dippenaar-Schoeman, 2011; Foord & Dippenaar-Schoeman, 2015 , in review).
Grassland Biome
A total of 58 families represented by 792 species have so far been recorded from this biome (Table 3) ; 58 spp. are endemic to the biome ). An illustrated guide to the spiders of the Grassland Biome is also available (DippenaarSchoeman & Haddad, 2014) . Grassland survey results have focused on the Free State (Lotz et al., 1991; Haddad & Dippenaar-Schoeman, 2002 , 2006b Haddad, 2005; Butler & Haddad, 2011; Fourie et al., 2013; Neethling & Haddad, 2013) , Gauteng (Van den Berg & Dippenaar-Schoeman, 1991b) , Mpumalanga , Eastern Cape (Dippenaar- and KwaZulu-Natal provinces (Van der Merwe et al., 1996) . Spiders have also featured in studies using functional feeding groups as indicators of habitat quality (Kaiser et al., 2009 ) and taxonomic surrogates (Buschke & Seaman, 2011) , and burning effects on invertebrates (Uys et al., 2006; Little et al., 2013) .
Nama Karoo Biome
This is South Africa's second-largest biome and is mainly found in the western half of the country. Presently 2705 records of spiders are housed in the NCA from 379 localities, and represent 618 spp. from 54 families (Table 3) . Most sampling in this biome was done on an ad hoc basis between 1890 and 1930 by arachnologists stationed at the Iziko South African Museum, resulting in a considerable number of species being described (e.g. Tucker, 1917 Tucker, , 1920b Tucker, , 1923 . Published results are mainly from collecting undertaken in the Mountain Zebra National Park (Dippenaar-Schoeman, 1988 , Karoo National Park (Dippenaar-Schoeman et al., 1999b) , and Nama Karoo grassland (Haddad & DippenaarSchoeman, 2005; Dean & Milton, 1995) .
Savanna Biome
A total of 23 739 records from 1260 localities were recorded in the South African Savanna Biome until the end of 2011. This includes 1230 species, represented by 381 genera and 62 families (Table 3) . Of the 1230 spp., 366 spp. are endemic to the savanna and 322 spp. are near endemic (Foord et al., 2011b) . The Savanna Biome has been the most intensively studied in the Limpopo Province (Whitmore et al., 2001 (Whitmore et al., , 2002a Foord et al., 2002 Foord et al., , 2008 Foord et al., , 2013 Foord & Dippenaar-Schoeman, 2003; Dippenaar-Schoeman & Leroy, 2003; Modiba et al., 2005; Dippenaar et al., 2008; Muelelwa et al., 2010) , but several studies have been published from KwaZulu-Natal (Lawrence et al., 1980; Haddad et al., , 2010 Mgobozi et al., 2008) , Mpumalanga (DippenaarSchoeman & Leroy, 2003; Robertson et al., 2011) and parts of Gauteng (Dippenaar-Schoeman et al., 1989) . The potential of spiders to serve as diversity surrogates was investigated by Foord et al. (2013) , and spiders have also been included in several ecological studies on arthropods in the biome (Nicolai, 1989; Rivers-Moore & Samways, 1996; Blaum et al., 2009; Lovell et al., 2009 Lovell et al., , 2010 Jonnson et al., 2010) . An illustrated guide to the spiders of the Savanna Biome is also available (Dippenaar-Schoeman et al., 2013b) .
Succulent Karoo Biome
This biome is found in the western extreme of the country and only 51 families and 310 species have been recorded from the Succulent Karoo Biome (Table 3) . To date, only a single publication on spider diversity has been produced from this biome (Dippenaar-Schoeman et al., 2005b) , highlighting our poor state of knowledge of its fauna. Three further studies investigated land-use impacts on invertebrates, including spiders (Seymour & Dean, 1999; Nchai, 2008; Lyons, 2009 ).
Thicket Biome
Thicket, the second smallest biome, covering only 2.5% of the area of South Africa, occurs in the coastal areas and adjacent inland parts from the Western Cape to KwaZulu-Natal, with most of the biome being found in the Eastern Cape. No published surveys are known from this biome but several surveys are presently underway. Spiders have been included in a single paper on arthropod diversity under different land use conditions (Fabricius et al., 2003) . To date, 66 spider families represented by 641 spp. have been recorded from thicket (Table 3) , of which 90 are endemics and 96 near endemics. Surveys in the Addo Elephant National Park and Thyspunt are presently underway (Wiese & Dippenaar-Schoeman, 2014) .
Provincial diversity
Most taxonomic research on South African arachnids, undertaken during the period from 1820 to 1960, was based on the fauna of the coastal provinces, as most of the practising arachnologists were stationed there. It was only in the late 1960s that the first long-term sampling started in the central and northern provinces of South Africa, with the appointment of arachnologists at the ARC in Pretoria (then Department of Agriculture) in 1967 and the National Museum in Bloemfontein. On a provincial level, the provinces need diversity data to do their conservation and development planning. From the SANSA database the following data is available (Table 4) :
Eastern Cape
The Eastern Cape is the second largest province in South Africa and 195 sites have been sampled, with large areas that are still not sampled. A total of 837 species, 38.6% of all South African species, have been recorded from the province (Table 4) . Two SANSA members are stationed in the Eastern Cape, resulting in good sampling efforts around Middelburg and Jeffrey's Bay. Staff and students of the University of the Free State have done extensive sampling in the Hogsback area, while the University of KwaZulu-Natal was involved in sampling in the Mkambathi Nature Reserve (DippenaarSchoeman et al., 2011) . At least two areas in the province, the Amatola Mountains and the Pondoland region, show patterns characteristic of high levels of endemism for Archaeidae (Lotz, 2006) , Eutichuridae (Lotz, 2002 (Lotz, , 2015 , Microstigmatidae (Griswold, 1985) and Salticidae Wesołowska et al., 2014) , and may be of similar significance for other families.
Free State
The Free State is the third largest province (10.6%). A total of 4076 records from 170 localities are part of the SANSA database. A total of 55 families represented by 484 species have so far been recorded (Table 4) . As part of a termite control project, the ARC sampled over a five-year period on the farm Lusthof near Edenville. Researchers from the University of the Free State and the National Museum have sampled extensively in the Free State. An extensive photo gallery of the Amohela-ho-Spitskop Conservancy near Clocolan is available online on the SANSA Virtual Museum.
Gauteng
Gauteng is by far the smallest province, covering only 1.4% of South Africa. A total of 350 sites in Gauteng have been sampled, represented by 6800 records, 56 families and 641 spp. in the SANSA database (Table 4) . Although well sampled, only a few papers have been published from the province. Surveys were mainly undertaken by the Spider Unit of the ARC-PPRI, the Gauteng Department of Agriculture, Conservation and Environment (GDACE), and the SCSA. Several surveys in green areas in Tshwane and Johannesburg are currently underway, and many records have been generated from natural and anthropogenic habitats through public participation in these two cities during the last three decades.
KwaZulu-Natal
KwaZulu-Natal covers 7.6% of South Africa and 14 687 records from 210 sites are presently available in the SANSA database (Table 4 ). More than half of the South African species, 1122 from 63 families, have been sampled in the province. Dr Reginald Lawrence, one of the best known South African arachnologists, was stationed at the Natal Museum from 1935 to 1986, and he extensively sampled and described species from the province. 
Limpopo
This province covers 10.6% of South Africa. It is the third best sampled province with 10 620 records from 226 sites (Table 4) . A total of 928 species from 62 families are known. The first diversity surveys in the province were done on the farm Amsterdam near Dendron, where arachnids were sampled by the ARC (Dippenaar-Schoeman et al., 1978) , resulting in the discovery of several new species. Another large dataset became available during surveys looking at the effect of chemical control of Quelea finches on the Springbok Flats (Van den Berg et al., 2002) . The Soutpansberg Mountains and Northern Drakensberg have been identified as biodiversity hotspots with high levels of endemism for certain spider taxa (Griswold, 1991) , as well as for Opiliones (Schönhofer, 2008) and Scorpiones (Foord et al., 2015) .
Mpumalanga
Mpumalanga covers a total of 6.5% of South Africa's surface. A total of 6216 records from 177 sites have been sampled, representing 697 species from 58 families ( Table 4) . Most of the surveys were conducted in agro-ecosystems (cotton) and orchards (avocado and macadamia). Other intensively sampled areas include the Kruger National Park and moist grasslands in the province. The SCSA is involved in surveys at the Witbank Nature Reserve and the Lowveld Botanical Gardens.
Northern Cape
Although South Africa's largest province (29.7%), only 1990 records from 124 sites have been sampled in the Northern Cape, with 490 spp. represented by 49 families (Table 4) . Very few sites have been intensively sampled. The ARC did some locust research in the Hopetown area, the University of the Free State studied spider diversity in pistachio orchards near Prieska, and the University of Cape Town evaluated restoration techniques of two sites mined for alluvial diamonds in the western part of the province. One SANSA member was stationed at the Augrabies Falls National Park and a paper on the material sampled is in preparation. Other surveys were undertaken in three Diamond Route Reserves: Benfontein, Tswalu and Rooipoort.
North West
This province covers 9.5% of the surface of South Africa. Large areas still need to be sampled and only 2087 records from 89 sites are housed in the NCA (Table 4 ). There are 380 spp. from 52 families known so far. Very few large-scale surveys have been undertaken in the province, being largely limited to agro-ecosystems such as cotton and maize, and grasslands. All the data from the SANSA database were used to prepare a report on the diversity of arachno-fauna in the North West Province, reporting on all the orders (Power, 2014) .
Western Cape Province
This province covers 9.7% of the surface of South Africa. A total of 11 842 records from 307 sites are housed in the SANSA database (Table 4 ). There are 966 spp. from 68 families so far known. For the first time, spiders were included in the CapeNature Western Cape State of Biodiversity 2012 report (Turner, 2012; Veldtman, 2012) . The most intensively sampled sites in the province are centred around Cape Town, the Cape winelands and the Cederberg Mountains, as well as several PAs. Public sampling for SANSA in the Western Cape resulted in good data from Gouritzmond (Borrelfontein), Hermanus, Oudtshoorn and Worcester. All spiders sampled during ERA surveys in the Beaufort West area are also housed in the NCA.
SPIDER DIVERSITY AND ECOLOGY
Spiders have formed the basis for several studies investigating the response of ecosystems to various drivers of change. Spiders have several qualities that make them ideal model organisms, as they are diverse, easily collected, important predators, sensitive to change at point localities, and adults are relatively easily identified up to morphospecies level (Coddington et al., 1996; New, 1999) .
Because of their high numbers in samples and availability of information on almost all spider families, spiders have become a popular group to include in ecological surveys of postgraduate students (Robertson et al., 2011) . Most of the studies of spider ecology in South Africa are local scale studies focusing on spider assemblage responses to habitat complexity, landscape scale variables, ecosystem rehabilitation and plant invasions, and disturbance effects such as fire, grazing and chemical control. A variety of research on spiders has been undertaken by students from all the major universities in South Africa. The material collected is often deposited as voucher specimens in the NCA and other collections, and the primary collection and identification data provides valuable information on spider diversity.
Barcoding
The correct identification of many spider species is still problematic due to complex variation in morphology between the two sexes. A potential tool to overcome impediments in morphological species identification is provided by DNA barcoding, which is based on CO1 gene sequences (Hebert et al., 2003) . A project for barcoding the southern African Arachnida has been registered at iBOL, in collaboration with the University of Johannesburg (Marais, 2010) . SANSA team members formed part of the Toyota Enviro Outreach team who were able to collect in the iSimangaliso Wetland Park in 2011. The aim of the expedition was to collect as many specimens from various groups of animals and plants to sample for DNA barcoding. The DNA material will contribute to the International Barcode of Life (iBOL) project. Two main sampling sites were chosen, namely Kosi Bay and Maphelane Coastal Forest Reserve (Lyle, 2011a) .
Several recent studies have used CO1 and other genes to support taxonomic studies including South African spiders, for which three examples are mentioned here. Miller et al. (2010a) investigated the phylogenetic relationships of the genus Penestomus and included 15 species from South Africa out of a total of 37 species sequenced (79 species were included in the phylogeny, including 42 previously sequenced species), and using four genes (CO1, H3, 18S and 28S). They deduced the genus was misplaced in Eresidae and established a new family Penestomidae for it, closely related to Zodariidae. They subsequently revised the family, which is endemic to South Africa and Lesotho (Miller et al., 2010b) . Griswold et al. (2012) included five species of South African Phyxelididae and a single species of southern African Ikuma (Palpimanidae) in a molecular phylogeny focused on Madagascan Phyxelididae, based on 27 species and using the same four genes as the previous study. Their results suggested that the South African phyxelidids form a separate clade from the Madagascan species. Franzini et al. (2013) used CO1 and H3 genes to determine the number of Cyrtophora species (Araneidae) in South Africa. Although molecular data suggested between 3 and 10 species may occur in the country, genital and somatic morphology supports the existence of only two species.
Cave diversity
One of the first South African spiders sampled from caves was collected by Harington (1951) from the Cango cave, Oudtshoorn. A review of the diversity of caves in South Africa was undertaken by Dippenaar-Schoeman & Myburgh (2009) . A total of 43 species of spiders from 32 genera and 21 families are presently known from 44 caves in South Africa. Of the species collected, only 10 species are regarded as true cave spiders (troglobites), while 18 are troglophiles, found both inside and outside caves. The rest of the species (14) are accidentals and they are found mainly around the entrances. A new survey in the Bakwena Cave in Irene, Gauteng started in 2009. This survey was organised by the University of Johannesburg and other interested parties, and continued over a period of one year. Three spider species have been collected so far (Durand et al., 2012) . Sharratt et al. (2000) reported 14 species of spiders from 13 families occurring in sandstone caves on the Cape Peninsula in the Western Cape, of which only three species are considered true troglobites, five are trogliphiles and six are trogloxenes.
Climate change
Three long-term survey projects, funded by the DST-NRF Centre for Invasion Biology at the University of Stellenbosch, are investigating the response of spiders to global climate change by assessing changes in assemblage composition along altitudinal gradients (Van Wilgen et al., 2014) . Since there is little information available on the monitoring of the effects of climate change on invertebrate diversity, these long-term surveys are the first to track individual species and assemblage responses to global climate change. This is done by investigating the effect of gradients on abundance and maturity of some invertebrate groups, such as spiders. This mainly uses pitfall sampling, with a view to track individual species and community responses to global climate change. Climate disruption will result in the uphill movement of species, which is particularly true for the tropics, where latitudinal temperature gradients are small (e.g. Chen et al., 2009 Chen et al., , 2011 . Altitudinal transects across mountains could therefore provide the most cost effective and succinct picture of the response of organisms and biotic assemblages to global climate change in the tropics and subtropics.
The first of the three projects is monitoring arachnid species across the highest point in the Soutpansberg of the Limpopo Province, on the edge of the tropics and in the Savanna Biome, in collaboration with the University of Venda (Munyai & Foord, 2012) . This study has a north-south orientation, and it complements two other long-term surveys in the Grassland Biome (Sani Pass) across the Drakensberg (Bishop et al., 2014) and Fynbos Biome across the Cederberg mountains (Botes et al., 2006a) , both with an east-west orientation. All have an initial medium-term objective of monitoring the response of ants and spiders to the El Niño thermal oscillation in the Pacific Ocean, while several environmental variables are also recorded and related to the trends in assemblage structure.
The Cederberg study represents the first to document the changes of spider assemblages across a 2000m, east-west elevational gradient over a period of 10 years. The transect runs across an altitudinal transect covering the major vegetation types on both aspects of the Cederberg, encompassing the full range of vegetation. The transect ranged from sea level at Lambert's Bay, to Sneeukop (1926m a.s.l.), and down the eastern slopes to Wupperthal (approximately 500 m a.s.l.). Sampling was done in March and October every year at 18 different altitudes ranging from 251 m above sea level to 1919m. To date, more than 10 000 spider specimens have been identified from these samples (2004) (2005) (2006) (2007) (2008) (2009) (2010) and they are all housed in the National Collection of Arachnida. They represent 228 species in 42 families, several of which are new (Foord & Dippenaar-Schoeman, 2014) .
In a fourth unrelated study, Midgley (2012) studied epigeic invertebrates along an altitudinal gradient (three transects) in the Asante Sana Nature Reserve in the Sneeuberg Mountains in the Eastern Cape. He found that species richness and diversity of invertebrates was significantly lower at 1800m than at 1200 m, 1400 m and 1600 m, but not significantly lower than 2000m and 2200 m. Data for spiders indicated that there was poor correlation between species composition and environmental variable and altitude data, although the correlations were significantly different from 0. Several spider species influenced similarity patterns between altitudes, including Proevippa biampliata (Purcell) (Lycosidae), which was abundant at high altitudes, and Diores spp. (Zodariidae) and Aneplasa sp. (Gnaphosidae), which were most abundant at low and mid elevations.
Effect of exotic and invasive plant species on spider diversity
There is a paucity of studies examining direct impacts of introduced alien species on diversity, a key need for motivating for alien species control. In KwaZulu-Natal, a survey was conducted over a one-year period at Ngome State Forest to look at the effects of exotic pine plantations on ground-living spider assemblages (Van der Merwe et al., 1996) as part of an MSc study. Five different habitat types -grass, open forest, dense forest, ecotone and pine -were sampled with 180 pitfall traps. Pine had the lowest spider diversity while grass had the highest spider diversity. However, variation in spider diversity within habitat types was considerable and an analysis of variance found no significant difference in mean values of spider diversity between habitat types. Consequently, the results do not unambiguously support the hypothesis that exotic vegetation has lower ground-living spider diversity than indigenous vegetation ( Van der Merwe et al., 1996) . Based on this data, Dippenaar-Schoeman et al. (2006b) found that two sympatric microstigmatid species, Microstigmata longipes (Lawrence) and M. zuluensis (Lawrence), were more active in the indigenous forest, and were absent or present in low numbers in the open grassland and pine plantation, indicating a clear preference for indigenous forest habitats.
In a study of edge effects on arthropods, Pryke & Samways (2012b) also found little difference in spider species richness across a series of transects covering pine plantations, natural forests and grassland in the KwaZulu-Natal midlands, but found variable patterns in a broader-scale survey at sites in the midlands and northern KwaZulu-Natal (Pryke & Samways, 2012c) .
Also in KwaZulu-Natal, Mgobozi et al. (2008) sampled spiders with pitfall traps and vegetation beating in the Hluhluwe-iMfolozi Park and found significant impacts of an invasive shrub (Chromolaena odorata) on spider assemblages, richness and diversity in a South African savanna. Chromolaena odorata is a non-indigenous perennial shrub that radically alters native vegetation structure and diversity. They cited the decrease of habitat heterogeneity as the most likely cause of the reduction of spider species richness and abundance in patches of C. odorata, and following clearing interventions of the weed, spider assemblages returned to compositions that were quite similar to those occurring in native vegetation.
In the Western Cape, Pryke & Samways (2009) investigated the invertebrate assemblages (including spiders) in six habitat types around Cape Town: alien pine plantations, recovering indigenous forests and fynbos, natural indigenous forests and fynbos, and a botanical garden. Pines had the lowest invertebrate species richness and abundance, while the botanical garden had the highest. Natural fynbos vegetation was more similar to pine plantations than to recovering fynbos, while recovering forest was more similar to pines than to any other site. They suggested that the response of invertebrates to rehabilitation disturbance is similar to a response to fire, with some species colonising the fynbos soon after pine clearance, while natural climax species take much longer to establish themselves. Their results support the prioritisation of conservation measures for the remaining indigenous forest fragments, support initiatives to remove alien pines in urban areas context, and highlight the conservation value of urban botanical gardens of indigenous plants (Pryke & Samways, 2009) .
In a separate study in the Western Cape, Magoba & Samways (2012) investigated the effects of vineyards and invasive alien trees on arthropods, including spiders. They found that sites with invasive alien trees had the lowest arthropod species richness and abundance, while sites cleared of alien vegetation had the highest abundance and species richness, followed by natural fynbos. Assemblage structure was significantly different between habitat types, although fynbos and vineyards grouped together, indicating that the latter have less impact on assemblage structure than alien trees do. Clearing alien trees creates conditions that encourage the establishment of indigenous arthropod species.
In the Mpumalanga Province, a study was conducted to investigate the effect of the invasive cactus, Opuntia stricta, on beetle and spider species assemblages in the Kruger National Park. A total of 72 beetle and 128 spider species were collected. Spider assemblages did not differ across treatments, suggesting that the current densities of O. stricta do not significantly affect spider species richness, density or assemblages. However, beetle assemblages were significantly different from uninvaded control sites, and are clearly negatively impacted (Robertson et al., 2011) .
Effect of fire and grazing on diversity
There is a lack of studies globally on the effects of long-term burning regimes on fauna, especially invertebrates. This is particularly alarming since fire-driven biomes such as grassland and savanna possess an enormous number and diversity of invertebrates, all of which have pivotal roles to play in ecosystem functioning. Multi-taxon arthropod studies have shown variable effects of burning on the abundance, species diversity and community composition of invertebrates (Pryke & Samways, 2012a) . Monitoring invertebrate responses to fire (e.g. frequency and intensity) is also important within biomes where fire is a key habitat management tool, such as savanna and fynbos (Parr et al., 2004) .
Few studies have investigated the impacts on spider diversity and community structure as a result of both these management practices in South Africa. A study by Pryke & Samways (2012a) showed that the fynbos invertebrates in the Table Mountain National Park demonstrated differential shortterm resilience to fire, especially with regard to species richness and abundance. The response of spiders to fire indicated no significant differences between sites and treatments for species richness and assemblage similarity, and only occasionally were differences found in abundance between fire regimes.
A study conducted in the Mpumalanga grasslands on the eastern escarpment of South Africa sampled ground-dwelling spiders from five study sites, which varied from either being burnt annually and/or grazed heavily on communal land with no set management. The variations between sites were assessed based on spider species composition and assemblage structure. Grazing intensity and fire frequency had no measurable effect on ground-dwelling spider abundance, diversity or assemblage structure. Only when rare or single species occurrence was included, was there some form of association with sites .
In KwaZulu-Natal, Lubin & Crouch (2003) studied the effects of fire on two social spider species in a savanna habitat. Nests of the genus Stegodyphus (Eresidae) are a prominent feature of African savannas and their size and visibility make them potentially good indicators of ecological consequences of fire. Analysis of five years of nest mortality data together with information on the burning regime in Spioenkop Nature Reserve indicates that colony extinction in S. mimosarum is independent of the burning regime, while burning is a significant cause of colony mortality in S. dumicola. The different responses of the two species are likely a result of different colony dynamics and nesting sites.
In the central Free State, an arachnid fauna survey was carried out at the Erfenis Dam Nature Reserve (Fourie, 2010) . Initially, the project aimed to assess the impact of controlled burning on the ground-dwelling arachnid fauna, but the opportunity was taken to investigate the spider faunas of three common tree species and also the spider communities in four contrasting grassland types in the reserve (Fourie et al., 2013) . Haddad et al. (in press) found significantly lower abundance and species richness in the burnt grassland compared to undisturbed grassland. Only one of the nine most abundant spider families (Caponiidae) was more common in the burnt sites. However, most of the dominant families had similar abundances in the burnt and unburnt areas within a year post-fire (Haddad et al., in press) .
In the Kruger National Park a study is underway to address the paucity of studies on the effects of long-term burning regimes on invertebrates, by making use of the long-term fire experiment in Kruger National Park, South Africa, initiated in 1954. Spiders are being used as a focus group for the study, as they are important predators that play critical roles in ecosystem functioning and are a highly diverse group, known to be sensitive to changes in vegetation structure (Reynolds, 2014) .
In KwaZulu-Natal, the short-term response of grassland invertebrate communities to fire in relation to distance from the edge of a burn, were examined (Uys et al., 2006) . They tried to establish which species survive fire and the dynamics of the post-fire recolonisation process, and thereby contribute to establishing the ideal area of a prescribed burn for invertebrate conservation. Burning appeared to minimally impact on wingless invertebrates such as spiders, suggesting they tolerated fire by finding refuge. Invertebrate community structure changed with increasing distance from burn edge in two weeks, but not 12 weeks post-burn. A distance of 280 m from burn edge appears to allow sufficient recolonisation to maintain invertebrate diversity.
Two studies have investigated the impacts of foraging and habitat alterations by African elephants on arthropod assemblages. In Tembe Elephant Park in northern KwaZulu-Natal, Haddad et al. (2010) found that elephant-induced changes to the vegetation structure of sand forest did not result in drastic changes in spider assemblages, as undisturbed and disturbed sand forests had similar abundance, species richness and assemblage structures, although the abundance of individual species often differed considerably between habitats. This contrasts with the results for dung beetles, which found assemblages in elephant disturbed sand forest more similar to mixed woodlands than undisturbed sand forest (Botes et al., 2006b ). In the Kruger National Park, Mpumalanga, Jonsson et al. (2010) found that spider abundance was highest in partial-exclosure plots compared to control plots that were exposed to large herbivore grazing (elephants and giraffes) and full-exclosure plots in three contrasting habitat types, concluding that medium-sized herbivores may positively affect spider abundance.
Micro-scale heterogeneity
There is a drastic shortage of published data on the factors affecting spider heterogeneity in different habitat types, as well as the utilisation of different microhabitats by different species (Foord et al., 2011b) . Understanding the role of these factors in shaping the species diversity of habitats and the relative abundances of different species is critical to better implementing conservation measures for spiders and understanding their spatial distribution within habitats. Foord et al. (2008) investigated fine-scale variation in spider assemblages in five representative vegetation types in the western Soutpansberg, Limpopo Province. The vegetation types were assessed in terms of their family and species composition, as well as levels of endemicity, and differences were related to differences in the vegetation structure. They collected 297 species (49 families) in an area less than 450 ha in extent. Analysis of the results suggests that taxa endemic to the Soutpansberg are associated with Tall Forest and, to a lesser extent, Woodland. Woodland had the highest species diversity, and much of the variation observed in spider assemblage structure could be explained by these two vegetation types. They concluded that because vegetation structure variables explained significant variation in spider assemblages, human influence through bush encroachment could result in changes in the spider assemblages to those of Short Forest and Mosaic Woodland vegetation types, which could impact on diversity maintenance and heterogeneity (Foord et al., 2008) .
Optimised sampling protocol
Invertebrates are often neglected in conservation planning because of a lack of taxonomic and distributional data. Coddington et al. (1991) proposed a sampling protocol for the rapid assessment of invertebrate diversity that can be structured to provide relative abundances of species at sites and enables comparisons between assemblages in disparate regions (Toti et al., 2000) .
To design an optimised sampling protocol for standardised inventories in the Savanna Biome, Muelelwa et al. (2010) undertook a semi-quantitative inventory of spider diversity in the Blouberg Nature Reserve and Western Soutpansberg Conservancy situated in the Limpopo Province. They found that collector experience had no effect on the results of the inventory, whereas time of day had a very small yet significant effect. Seasonality only affected abundance and richness, but not assemblage composition. Sampling methods used had the biggest effect on the results (Muelelwa et al., 2010 ; also see Whitmore, 2000) . They proposed an optimised sampling protocol for different levels of inventory completeness that considered complementarity and effectiveness of different sampling techniques (Muelelwa et al., 2010) .
One of the central questions left unanswered by this study is to what extent habitat structure affects the optimal protocol. Future studies should focus on optimal designs for grasslands through to shrublands, thicket, open woodland and forests.
These protocols should aim to utilise the minimum amount of resources and allow the use of inexperienced collectors. The latter should provide an incentive for the use of volunteers and amateur arachnologists.
Rehabilitation and relocation
Coastal dune forest covers approximately 1% of the land area of KwaZulu-Natal, South Africa. It is a habitat type seriously threatened by human population expansion and development. Only one study has been undertaken to study spider species present in different stands of rehabilitated (2, 8 and 16 years), revegetated (40 years) and unmined coastal dune forest (∼100 years) at Richards Bay, after mining by a local mining company, Richards Bay Minerals (RBM). Surprisingly, the abundance and species richness of spiders in both the ground and herbaceous layers was highest in the stands that had only recently been rehabilitated (2-8 years), while the unmined forest had the lowest species richness and abundance (Dippenaar-Schoeman & Wassenaar, 2002 .
Lyons (2009) investigated restoration of sites mined for alluvial diamonds in the Succulent Karoo of the Northern Cape, performing a broad-scale survey of arthropods. A total of 185 spiders were collected, represented by 21 families and 51 species, which represented approximately 10% of all of the arthropod species collected. She found that sites restored seven years previously had significantly lower species richness than reference sites of natural habitat, suggesting that the recovery of arthropod richness is dependent on several factors, including soil characteristics, plant species richness, and plant cover. She concluded that soil arthropods may be a suitable surrogate for studying rehabilitation processes, as their response to treatments is similar to that of the entire arthropod assemblage.
Surrogacy
The huge number of invertebrate species, paucity of available data and lack of accessible resources to carry out comprehensive surveys of invertebrates necessitates the use of surrogates to represent invertebrate diversity in conservation planning, and to facilitate rapid diversity assessments (Lovell et al., 2007) . However, to date there still remains no consensus amongst researchers of the criteria for selecting appropriate surrogates, despite the attention that this topic has received in recent research (e.g. Heino & Soininen, 2007; Lovell et al., 2007; Williams et al., 2007; Uys et al., 2010) . Two recent studies of invertebrates in South Africa provide useful examples of the development of surrogate use. Lovell et al. (2007) conducted a study in the Mkhuze Game Reserve, Phinda Private Game Reserve and False Bay Park in north-eastern KwaZulu-Natal, and examined the use of species density and species assemblage patterns to identify potential coarse-filter surrogates at a local scale using nine invertebrate taxa, including three families of spiders (Araneidae, Oxyopidae and Thomisidae). They found that the use of higher taxa to represent lower taxa shows good potential as a surrogate, but only in species-poor genera or families, and only in regions where the diversity is well documented. Further, they suggested that the lack of congruency between invertebrate taxa supports the use of multiple taxa when incorporating invertebrates in conservation planning. They proposed the use of species assemblage patterns in conjunction with measures of species density for conservation planning, particularly when the areas under consideration consist of diverse habitats and display a high species turnover (Lovell et al., 2007) . Foord et al. (2013) investigated the performance of a number of surrogate measures, including higher taxa (genus, family), cross-taxon surrogates that are subsets of the spider assemblages (certain spider families), or non-overlapping groups (woody vegetation and birds), and the use of morphospecies. Their study, based on datasets from four protected areas in the Limpopo Province Foord et al., 2008; Muelelwa et al., 2010) , aimed to assess surrogate measures based on their predictive power for species richness and the extent to which conservation planning that maximises representation of the surrogate is effective in representing spider diversity. They found that generic richness as a higher taxon surrogate, as well as the combined richness of the families Thomisidae and Salticidae, were the best estimators of total species richness. Based on the surrogacy efficiency criterion, genera and the family Salticidae had species accumulation indices that were significantly larger than 95% confidence intervals of a random curve, while woody vegetation and birds turned out to be poor surrogates for spider diversity. They suggested that while the surrogates they identified provide a viable alternative to whole assemblage analysis, they should be used with caution. The use of Salticidae and Thomisidae as surrogates could provide a feasible indication of spider diversity in the South African Savanna Biome .
SPIDERS IN ANTHROPOGENIC HABITATS Spider diversity in urban and suburban areas
Interest in the invertebrate faunas of urban and suburban areas has increased in the last 10-15 years, especially in Europe and North America (Gardiner et al., 2013) . Several factors are responsible for the progressive decline in species richness across the anthropogenic gradient from rural habitats to the urban core, including habitat fragmentation, air and soil pollution, increased average ambient temperatures, and other indicators of anthropogenic disturbance (McKinney, 2002) . Despite the heavy impacts of urban activities on diversity, green spaces can be potential corridors for the dispersal of wildlife and reservoirs for diversity (Wilby & Perry, 2006; Hostetler et al., 2011) .
Very little indeed has been published on spiders of urban areas in tropical regions, and little literature relevant to tropical or sub-tropical areas is available. The first paper on spiders in a South African urban area was a survey by Tucker (1920a) in the Kirstenbosch Botanical Garden, Cape Town. A second botanical garden was sampled by Clark & Samways (1997) in Pietermaritzburg. They sampled arthropods from only two microhabitats (a fallow area and a lawn) on a single occasion, using small pitfall traps, sticky traps, a malaise trap and sweep netting. A third botanical garden sampled is the periurban Free State National Botanical Gardens, where staff and students of the University of the Free State and National Museum in Bloemfontein have collected extensively, including intensive surveys from the leaf litter and foliage strata (Butler & Haddad, 2011; Neethling & Haddad, 2013) . Pryke & Samways (2009) investigated the invertebrate response (including spiders) to alien pine plantations, their removal in comparison with natural vegetation, recovering indigenous forests and Kirstenbosch Botanical Garden around Cape Town. Their study strongly supports the removal of alien pines in an urban context, and also emphasises that an urban botanical garden of indigenous plants has major invertebrate conservation value. Other surveys in urban areas include a three-year survey at the Rietondale Research Station, an area close to the centre of Pretoria by Van den Berg & Dippenaar-Schoeman (1991b) , who looked at spiders associated with harvester termites. Whitmore et al. (2002b) investigate arthropod diversity on road islands in Durban, KwaZulu-Natal, and found that spider abundance was markedly higher on grassy road islands that were regularly mowed than on structurally enhanced road islands, i.e. those which included indigenous and exotic shrubs, herbs and trees.
Presently several SANSA projects are underway focusing on surveys in protected green areas in Pretoria and Johannesburg (Dippenaar-Schoeman, 2014b; Faiola et al. 2014; Kelly et al. 2014; Webb & Dippenaar-Schoeman, 2014) .
Invasive spider species
Trade and travel at a global scale have resulted in the inadvertent transfer of biological species. The establishment of species outside their native ranges, and the potential damage they may cause to indigenous fauna and flora, is one of the major issues in modern conservation research (Picker & Griffiths, 2011) . Risk assessments that predict the possibility of spread, identifying suitable habitats for these species and their possible impact on the native fauna and flora, forms the basis of these assessments (Andersen et al., 2004; Allen et al., 2006) .
At least 44 species with cosmopolitan distribution are known from South Africa (Foord et al., 2011b; , of which some of the invasive species were reported on by . At least three invasive spider species have been recorded from South Africa during the last decade, and include Badumna longinqua (L. Koch) (Desidae), Dictyna civica (Lucas) (Dictynidae) and Crossopriza lyoni (Blackwall) (Pholcidae). At least in the case of B. longinqua and D. civica, where dense infestations occur, such as in Port Elizabeth residential areas and around buildings at the Roodeplaat campus of the ARC -Plant Protection Research in Pretoria, respectively, almost all indigenous web-building spiders have been displaced by these invasive species. These three species were probably accidental introductions, but the invasiveness of tarantulas that form part of the pet trade, as well as the extent of this trade in South Africa, is unknown. No known invasive tarantulas have been reported yet in South Africa, but the fact that it is not illegal to trade these species, coupled with changing environments, does not preclude the establishment of viable populations.
It is important to note that species invasions are not just oneway traffic. Several South African spiders (or Afrotropical species, including South Africa) have been introduced to other countries, with potential negative effects for their indigenous fauna. To date, five African spider species have been introduced into Europe, representing 21% of the species introduced to the continent (Nentwig & Kobelt, 2010) . The subsequent recent introduction of Cheiracanthium furculatum (Eutichuridae) into Europe (Bosselaers, 2013; Bayer, 2014) is also a matter of concern. Currently, the threat of introduced South African species on indigenous spider faunas is poorly known. For example, the theridiid Steatoda capensis Hann has been introduced to New Zealand, where there is conflicting evidence of it displacing populations of the local species Latrodectus katipo Powell (Hann, 1990; Brockerhoff et al., 2010; Costall & Death, 2010) . There is considerable scope for further study into the impacts of invasive species on local spiders, both in South Africa as well as internationally.
SPIDER BIOLOGY AND BEHAVIOUR
A number of studies have investigated the biology and behaviour of particular groups of spiders. These have covered a broad range of taxa, and have dealt with subjects including microhabitat preferences, predation ecology, sociality, burrow and web construction, amongst others. Many of the specimens included in these studies were collected and deposited in museum collections, providing distribution data that was included in the SANSA project and FASSA.
Microhabitat utilisation and preferences Plant-, litter-and lichen-dwellers
On Robben Island a study was undertaken to examine the potential importance of lichens in enriching spider diversity and abundance. Seasonal trends in overall species richness and abundance indicated that the relative density of spiders was greater in lichens than in bushes. The results suggest that habitat structure, such as branch size and epiphytic lichen abundance, can explain the greater number of spiders in lichen-rich patches of the island (Mukherjee et al., 2010) . Butler & Haddad (2011) investigated the spider assemblages in the leaf litter of three tree species in the central Free State. They found significant differences in both species richness and abundance of spiders between the three tree species. Of the ten most abundant species collected, all but two showed significant preferences for the litter of a particular tree. They concluded that litter structure (leaf size, litter depth and interstitial space) were the factors most likely contributing to the observed differences in the spider assemblages. In contrast, Neethling & Haddad (2013) found no significant differences between abundance and species richness of arboreal spiders associated with four tree species at the same locality. While most of the common species did not show particular preferences for particular plants, Oxyopes spp. (Oxyopidae) and Misumenops rubrodecoratus (Thomisidae) showed a clear preference for Acacia karroo foliage. Although not a quantitative study, also recorded different species of spiders occurring on five tree species in the Limpopo Province, of which only Tmarus cameliformis Millot (Thomisidae) was collected on all five species.
Vasconcellos-Neto et al. (2007) reported on the association of Peucetia species with plants with glandular trichomes, and included data on four species from South Africa (P. transvaalica Simon, P. nicolae Van Niekerk & DippenaarSchoeman, P. viridis (Blackwall) and P. maculifera Pocock) that are associated with such plants. One of these species, P. viridis, is not restricted to plants with glandular hairs, but also occurs on, for example, Acacia trees. Haddad & Dippenaar-Schoeman (2001) studied egg parasitism on Peucetia striata Karsch in a grassland habitat, and only collected it from the glandular plant Melolobium candicans bushes and no other woody plants, clearly indicating a preference for such plants. Haddad (2010) provided an example of how understanding the microhabitat preferences of a species can optimise its sampling and improve knowledge of its distribution. Poachelas spiders are very rarely collected using conventional sampling methods in grasslands (e.g. pitfalls and sweep-netting), while focused searching at the base of grass tussocks (especially Themeda triandra and Cymbopogon spp.) often provides considerable numbers of these spiders. Initially, Poachelas striatus Haddad & Lyle was described from only three localities in the central Free State (Haddad & Lyle, 2008) , but hand collecting in grass tussocks elsewhere in the country resulted in many additional records from the Free State, as well as the first records from the Northern Cape, Eastern Cape and Mpumalanga, extending the distribution of the species to more than 900 km (Haddad, 2010) .
In contrast to most zodariid spiders that are ground-dwelling, members of the genus Chariobas are often associated with grasses and restios. Leroy & Jocqué (1993) provided a description of the retreat construction of these spiders, which is done by spinning a silken tube between the stalks of these plants, in which the spiders reside.
Ground-dwellers
In the case of trapdoor spiders, a group of conservation importance, Engelbrecht (2013) identified the factors that affected species richness and activity patterns of these mygalomorphs. He showed that different species are active during different periods of the year, and that each species' activity patterns also differed between sites. Soil moisture was the only significant predictor of spider activity amongst seven environmental factors analysed, and spiders were predominantly active under wet conditions following rainfall. He further recommended that pitfall trapping be undertaken during several intervals over the course of the year to achieve a near complete inventory for each site. Soil type (clayey or sandy) was found to affect the efficacy of active searching, although pitfall trapping yielded a greater number of species at all of the sites. Soil type may also be an important consideration when sampling mygalomorph trapdoor spiders, with evidence of varying degrees of preference provided by Fourie et al. (2011) and Engelbrecht & Prendini (2012) . Various other authors have provided details of the burrow structures (Van Dam & Roberts, 1917; Dippenaar-Schoeman & Jocqué, 1997; Leroy & Leroy, 2000 Dippenaar-Schoeman, 2002b ) of various South African mygalomorph spiders.
Structures such as abandoned mammal burrows and termitaria form microhabitats that can be secondarily utilised by a wide variety of organisms in an environment. Heidger (1988) studied spiders associated with abandoned mammal burrows in Limpopo Province, and found three species of web-builders occupied these burrows (Benoitia ocellata (Pocock), Euprosthenops proximus Lessert and Smeringopus pallidus (Blackwall)). Burrows of small mammals such as gerbils only hosted a single individual, while larger burrows of springhares, warthogs and aardvark often contained more than one spider. In contrast, abandoned Trinervitermes trinervoides termitaria in the Free State hosted a rich diversity of spiders, 82 species from 21 families, with only two of these spiders being considered as termitophiles (Heliophanus termitophagus Wesołowska & Haddad and an undescribed oonopid), as they were the only species not collected in other microhabitats in the surrounding grassland (Haddad & DippenaarSchoeman, 2002 , 2006b .
In a study of arthropods associated with shells of Trigonephrus land snails in arid western South Africa, Gess & Gess (1999) considered the spiders as residents (one of five association categories), i.e. constructing silk structures in the shells that they occupied. Spiders were found in between 9 and 21% of the shells examined in three areas. In some places, Cheiracanthium simplicitarse Simon were the only spiders found, while other sites' shells were occupied by salticid spiders. Lamoral (1968) studied intertidal spiders in the Western Cape, focusing on Desis formidabilis (O. P.-Cambridge) and Amaurobioides africanus Hewitt, and studied a wide variety of biological and physiological aspects of both species, including their utilisation of mollusc shells and rock structures as nesting sites.
Myrmecomorphy and myrmecophagy
Myrmecomorphy involves the evolution of morphological, behavioural and chemical traits to imitate and closely associate with ants, and many examples can be found amongst spider families (Cushing, 1997 (Cushing, , 2012 . Amongst the South African fauna, myrmecomorphy can be found in several genera of Salticidae, including Belippo, Kima, Myrmarachne and Natta (Wesołowska & Szeremeta, 2001; Wesołowska & Haddad, 2009 ; the zodariid genera Ranops, Diores, Palfuria, amongst others (Jocqué, 1990 (Jocqué, , 1991 ; the corinnid genera Apochinomma, Corinnomma and Merenius (Haddad, 2006a; Haddad & Louw, 2012; Haddad, 2013) ; the trachelid genus Spinotrachelas (Haddad, 2006b; Lyle, 2011b) ; the thomisid genus Sylligma (Lewis & Dippenaar-Schoeman, 2011) ; the gnaphosid genera Aphantaulax and Micaria, and several genera of Linyphiidae. Several species of Seothyra (Eresidae) mimic ants or velvet ants (Dippenaar-Schoeman, 1990) , as do species of the salticid genus Mexcala (Wesołowska, 2009) , while three species of Graptartia (Corinnidae) are exclusive mimics of velvet ants (Haddad, 2004) .
Myrmecophagy, the consumption of ants, is less well studied in South Africa. Pekár & Haddad (2011) studied the diet of the salticid Mexcala elegans Peckham & Peckham, and found that it consumes a variety of different ants under field conditions, and no other arthropod prey, but under laboratory conditions they captured other arthropods with similar efficiency to ants. The thomisid Sylligma ndumi Lewis & Dippenaar-Schoeman has been observed feeding on its model ant Myrmicaria natalensis (F. Smith) in the field (Lewis & Dippenaar-Schoeman, 2011) , while the cosmopolitan spiders Oecobius navus Blackwall (Oecobiidae), Euryopis episinoides (Walckenaer) and E. funebris (Rentz) (Theridiidae), which regularly feed on ants in Europe, Australia and America (Carico, 1978; Gertsch, 1979; Voss et al., 2007; Liznarova et al., 2013) , have also been observed feeding extensively on ants in South Africa (Haddad, pers. obs.) .
Termitophily and termitophagy
Members of the family Ammoxenidae are of particular interest as they are specialist feeders of harvester termites. Several studies have been done on Ammoxenus foraging and feeding behaviour (Dean, 1988; Dippenaar-Schoeman et al., 1996a, b; Dippenaar-Schoeman & Harris, 2005; Petráková et al., 2015) . Other studies on termitophagous spiders include some Diores spp. of the Zodariidae (Jocqué, 1990; Jocqué & Dippenaar-Schoeman, 1992) , and Heliophanus termitophagus (Wesołowska & Haddad, 2002) and Stenaelurillus natalensis Haddad & Wesołowska of the Salticidae. Although detailed studies of termitophagy by Microheros termitophagus Wesołowska & Cumming (Salticidae) were undertaken in Zimbabwe (Wesołowska & Cumming, 1999) , this species also occurs in northern South Africa and feeds on termites here too (Van den Berg & Dippenaar-Schoeman, 1991b , as Phlegra sp.).
In a ground-breaking study on predation biology, Petráková et al. (2015) used Next Generation Sequencing for molecular analysis of the gut contents of Ammoxenus amphalodes Dippenaar & Meyer, comparing them to sequences of available prey in a grassland habitat. Their results showed that 99.8% of the extracted sequences belonged to Hodotermes mossambicus (Hagen) termites, providing the first solid evidence of a monophagous true predator. This was supported by data from behavioural experiments, which showed A. amphalodes to only accept H. mossambicus as prey.
Studies of the diversity and spiders associated with abandoned Trinervitermes trinervoides mounds indicate that most species collected are general ground-or web-dwelling grassland spiders (Haddad & Dippenaar-Schoeman, 2002 , 2006b , and only two species could be identified, H. termitophagus and an undescribed species of Oonopidae, which are restricted to the mounds and are possibly termitophiles. Preliminary observations of the diet of several species indicate that most are able to capture T. trinervoides or Hodotermes mossambicus worker termites (Haddad & Dippenaar-Schoeman, 2006b ).
Diversity of social spiders
Amongst spiders, there are varying degrees of sociality and aggregation, although the species involved in such behaviour represent a small proportion of the global spider diversity (Whitehouse & Lubin, 2005) . Eresids are a group of considerable arachnological interest, primarily because of the evolution of subsocial and quasisocial species from solitary ancestors in the genus Stegodyphus, behaviour that is absent in all of the other genera of the family (Kraus & Kraus, 1988; Miller et al., 2012) . Not surprisingly, the rich eresid fauna of South Africa has led to considerable research being undertaken here, to the point that Stegodyphus are undoubtedly the best studied genus in the country with regards to their biology and diversity. The Afrotropical representatives of the genus have not only been studied extensively in South Africa, but also in Namibia, Tanzania and Swaziland.
Included amongst the aspects of Stegodyphus biology studied so far in South Africa are the factors affecting foraging activity and prey capture (Dewar & Koopowitz, 1970; Ward & Enders, 1985; Crouch & Lubin, 2000; Ainsworth et al., 2002; Ruch et al., 2009a Ruch et al., , 2012 Majer et al., 2013) , colony longevity (Crouch & Lubin, 2001) , reproduction (Ruch et al., 2009b) , dispersal behaviour (Wickler & Seibt, 1986; Crouch et al., 1998; Bodasing et al., 2002; Lubin et al., 2009; Keiser et al., 2014a) , responses to fire (Lubin & Crouch, 2003) , intraspecific behavioural interactions (Seibt & Wickler, 1988a,b; Modlmeier et al., 2014; Keiser et al., 2014a,b) , parasitism (Henschel et al., 1996) , and nest effects on physiology (Seibt & Wickler, 1990) .
Several other aspects have been investigated. Gene flow and genetic variation have been studied in S. mimosarum and S. dumicola, and the impacts this has on population dynamics (Johannesen et al., 2009a,b) , while Johannesen et al. (2007) performed a molecular phylogeny of the genus to assess patterns in the evolution of sociality. Crouch & Malan (2002) also investigated the use of Stegodyphus webs as nest-lining material by a small raptor. Griswold & Meikle-Griswold (1987) described Archaeodictyna ulova, a kleptoparasite in Stegodyphus nests, and found that the host spiders tolerated A. ulova and showed no aggression towards them, even when feeding on the same prey item (Griswold & Meikle, 1990) .
Web-building behaviour
The orb-web spiders (Araneidae) have some interesting behaviour, especially where adapted or reduced webs are concerned, as exemplified by the Cyrtarachninae. The hedgehog spider (Pycnacantha tribulus (Fabricius)) has a reduced orbweb, and only makes a trapezium web at night from which it hangs and captures flying moths using the forelegs (Dippenaar- Schoeman & Leroy, 1996) . Notes on two species of bolas spiders were provided by Akerman (1923) , Roff & Dippenaar-Schoeman (2005) and Leroy et al. (1998) , who found that the spiders hung from a trapeze suspended from vegetation using their fourth legs and swung a capture line with one to three sticky droplets at the end using the fourth legs. The bird-dropping spider Pasilobus dippenaarae Roff & Haddad builds a horizontal web comprising only two sectors of an orb-web (Roff & Haddad, 2015) . Kuntner et al. (2008) studied the web-building behaviour and habitat preferences of the nephilid spider Clitaetra irenae in northern KwaZulu-Natal, and showed that the species has considerable habitat flexibility as long as the tree canopy is at least partially closed. Web orientation on trees was also affected by the degree of canopy closure. Further, they demonstrated ontogenetic shifts in web structure, from a simple orbweb in early instars to a ladder web in adult females.
Effect of natural enemies on spider diversity
Very little is known of the natural enemies of spiders in South Africa and how they may affect spider diversity. Amongst the Arthropoda, some of the best examples of spider predators and parasites come from the orders Hymenoptera, Diptera and Neuroptera (Van Helsdingen, 2011) . These can be broadly separated into spider parasites/predators and egg parasites/predators.
Amongst the first group, Croeser (1996) indicated that pompilid wasps are confirmed predators of Palystes spp. (Sparassidae), with a detailed report by Gess & Gess (1980a) indicating that Tachypompilis ignitus (Smith) preys exclusively on these spiders. In contrast, Batozonellus fuliginosus (Klug) preys on araneid spiders, particularly Araneus and Caerostris (Gess & Gess, 1980a) , Dichragenia neavei (Kohl) nests were provisioned with Palystes sp. and Lycosidae spiders (Gess & Gess, 1976) , while D. pulchricoma (Arnold) utilised a broader spectrum of prey, including Lycosidae (54%), Pisauridae (31%), Sparassidae (13%) and Salticidae (2%) (Gess & Gess, 1974) . Griswold & Meikle (1990) reported that Pseudopompilus funereus Arnold landed on webs of Stegodyphus and captured one of the spiders that tried to attack it, before escaping the web and depositing an egg on its spider prey. Henschel et al. (1996) also investigated pompilid parasitism of two Stegodyphus species, including S. dumicola from KwaZulu-Natal.
Amongst Sphecidae wasps, in the Eastern Cape Chalybion tibiale (Fabricius) provisioned nests mainly with araneid and nephilid spiders of various genera, with smaller numbers of Theridiidae and Zodariidae also captured (Gess & Gess, 1980b) . Nel et al. (2014) provided a detailed account of the biology of C. spinolae Lepeletier in the Western Cape and found that the diet comprises exclusively of Latrodectus spiders. This confirmed the earlier results of Gess et al. (1982) , who found that C. spinolae captured Latrodectus only at a site in the Eastern Cape. Several other spiders have been found with suspected ichneumonid or pompilid larvae externally on the abdomen, including the salticids Heliophanus pistaciae (Haddad, 2003) and Pseudicius venustulus Wesołowska & Haddad (Wesołowska & Haddad, 2009) , and the sparassid Olios sjostedti Lessert (Jäger, 2014) , while lycosids are perhaps the most regularly encountered hosts for these hymenopteran larvae (Dippenaar-Schoeman, pers. obs.; Haddad, pers. obs.) .
Several species of Acroceridae flies, which are all internal parasites of spiders (Barraclough & Londt, 2008) , have been studied. Barraclough (1984) provided the first host records for South African acrocerids, with two species raised from Moggridgea crudeni Hewitt (Migidae) and an undetermined gnaphosid spider. Schlinger (1987) subsequently recorded a third acrocerid parasitising a Machadonia (=Griswoldia, Zoropidae) species in South Africa, while Barraclough & Croucamp (1997) described a new species that was raised from a subadult male Cheiracanthium (Eutichuridae), and provided details of its developmental biology.
A second important group of natural enemies includes egg parasites and predators. Considerable research has been done on Echthrodesis lamorali Masner (Platygastridae), an egg parasite of the intertidal spiders Desis formidabilis (Desidae) and Amaurobioides africanus (Anyphaenidae). This wasp was first recorded from D. formidabilis eggs by Masner (1968) and Lamoral (1968) . Recent biological studies suggest that E. lamorali is restricted in its distribution to the Cape Peninsula, despite the more widespread distribution of its hosts (Van Noort, 2009 Owen et al., 2014; Van Noort et al., 2014) . Haddad & Dippenaar-Schoeman (2001) reported a Psyllaephagus sp. (Encyrtidae) parasitising the egg sacs of Peucetia striata (Oxyopidae), while Haddad (2003) collected an Odontacolus sp. (Platygastridae) parasitising the eggs of the jumping spider Heliophanus pistaciae; most host records for this wasp genus come from salticid or clubionid spiders (Valerio et al., 2013) .
Despite a rich diversity of Mantispidae (Neuroptera) in the Afrotropical Region, little remains known of the biology and hosts of individual species (Snyman et al., 2012) . While mantispids are widely regarded as important predators of spider eggs (Redborg, 1998 ), only Croeser (1996 has reported Climaciella erichsoni Guérin-Méneville and other unidentified predators of Palystes eggs in South Africa, while Pseudoclimaciella spp. and Afromantispa tenella (Erichson) have also been reared from Palystes egg sacs (Louwtjie Snyman, University of Pretoria, pers. comm.).
Spiders also contribute to the diet of various predatory vertebrates in South Africa, including reptiles (e.g. Nagy et al., 1984; Clusella-Trullas & Botes, 2008; Measey et al., 2011; Edwards et al., 2013) , mammals (e.g. Channing, 1984; Kerley, 1989) and birds (e.g. Kopij, 2000; Radford, 2008) .
AWARENESS, OUTPUTS AND CAPACITY BUILDING
One of the main aims of SANSA is to create awareness of the importance of arachnids and the SANSA project to the public and other scientists. Several aspects were included as part of the project, including the distribution of high quality and easy-to-understand information about arachnids through the SANSA website as well as educational outreach and training programmes to communities and schools (Spider Educare Programme) (Figure 4 ). Target audiences were identified and packages compiled to allow dissemination of information through magazine and newspaper articles, pamphlets, and TV and radio talks. Outputs also included books (DippenaarSchoeman & Jocqué, 1997; Leroy & Leroy, 2000; DippenaarSchoeman, 2002b DippenaarSchoeman, , 2014a Holm & Dippenaar-Schoeman, 2010; DippenaarSchoeman et al., 2013b; Dippenaar-Schoeman & Haddad, 2014) and chapters in books (Dippenaar-Schoeman, 2002c; Foord et al., 2011a) , as well as CDs on medically important arachnids, and general information about spiders. Five wall posters on medically important arachnids, spiders in and around the house and interesting common spiders were also made available to the public. An electronic newsletter and website on SANSA activities are now available.
Courses and workshops form an important part of the awareness and training component of SANSA. Annually, special workshops at the ARC are organised for members of SCSA to train to identify spiders, to use microscopes and to sort and label specimens. Identification workshops are also presented on request for groups such as interns, students and interested public members. At universities regular courses are presented to students.
Although considerable effort has been put into promoting SANSA to local and international colleagues at congresses, there has been limited success in generating the necessary interest to address the considerable taxonomic impediment for the South African fauna. During the last two decades, several international colleagues have played a major role in revising and describing African spiders, including those from South Africa. Without their inputs, our knowledge of the country's arachnid fauna would undoubtedly be considerably poorer. To address this, future efforts need to focus on expanding collaborative research between local and international arachnologists, student training, as well as to devlop a culture (which is indeed very well established in Europe) of amateur arachnologists being more involved in taxonomic research, under the guidance and mentorship of local taxonomists. Only through such initiatives will the necessary capacity be developed to describe South Africa's rich spider fauna.
CONCLUSION
Through the two online biodiversity informatics systems, SANSA has contributed towards a better understanding of the South African spider fauna, and serves as a valuable tool in the training and awareness of the public. South African spider systematics and ecology are in an exploratory phase, and the traditional approach to mapping diversity has enabled spider ecological research results in the country to generate species lists that are often resolved to species level. This descriptive phase provides the foundations for more integrative work between taxonomists and ecologists in future, and any attempts to ignore the importance of providing baseline diversity and taxonomic data will hamper subsequent attempts to develop a deeper understanding and appreciation of this unique heritage.
This has set the stage for addressing some of the most fundamental questions in arachnid diversity. The next step should include global collaborative research with standardised sampling and focused research questions at multiple sites throughout the world. Future research would have to focus on the role of spider diversity in ecosystem function by exploring the relationship between taxonomic and functional diversity. Although ecological research has focused on the drivers of spider diversity, we should now develop models that would allow prediction of assemblage responses to global change drivers. Linking taxonomic and functional diversity would allow us to predict the implication of these changes to ecosystem processes, functioning and services. By focusing on globally significant research questions we might just provide relevant local insights into the importance of spider diversity to ecosystems.
